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(54) Antenna apparatus 

(57) Tiiere is provided an antenna apparatus in 
which a non-detection region is made minimum within 
the regulatory limit of radio wave radiation, and satisfac- 
tory communication is enabled over a wide range. Four 
substantially square antennas (11,12,13,14) are adja- 
cently arranged on the same plane to constitute an an- 
tenna assembly (10), which is arranged to be opposite 
to a similar antenna assembly (20). Reverse phase cur- 
rents flow to the first antenna and the third antenna, and 



similarly, reverse phase currents flow to the second an- 
tenna and thef ourth antenna. The second and the fourth 
antennas are subjected to phase inversion for every da- 
ta communication between a pattern (1) in which same 
phase currents flow to the second antenna and the third 
antenna and a pattern (2) In which same phase currents 
flow to the first antenna and the second antenna. A pre- 
detemnlned phase difference is provided between the 
first and the second antenna assemblies (10,20). 



CM 
< 

CO 

CO 
CO 
CM 



a. 

UJ 



1£ 



15 



^ 7. 

Matching 
Circuit 



16 



2 



Matching 
■ CM 




21 




Matching 
Circuit 



LT 



23 ^26 



Matching 
Qrcuit 



r 



24 



£2^36 



DistritnJtor 



DistribLftor 



37 



5^ 



35 



2 



33 



5 



Distributor -r Transmitter 



34 



2 



32 



J* 



Phase inverter 

38^ 



Flg.1 



Receiver 



Modulatnn signal 
Demodulation signal 



Oscillator 



Phase control signal 



Micn)contoller 

5" 



Tohigher-level 
equipmenl 



31 



Printed by Jouve, 75001 PARIS (FR) 



BEST AVAIU\BLE COPY 



QNSDOCID: <EP. 



1233367A2J_> 



1 



EP 1 233 367 A2 



2 



Description 

[0001] The present invention relates to an antenna 
apparatus for carrying out non-contact data communi- 
cation with a tag provided witli an antenna and an iC 
chip including a memory tlirough an induction field, and 
particularly to a gate type antenna apparatus in which 
two antennas having the same shape are arranged to 
be opposite to each other. 

[0002] A non-contact RF tag is formed of a coil anten- 
na and an IC chip having a built-in nonvolatile memory, 
and has attracted attention as a recognition technique 
substituting for a bar code in a system in which data 
communication with an antenna apparatus generating 
an induction field is carried out by wireless. In the non- 
contact tag as stated above, since a power supply for 
an IC chip operation is extracted from the induction field 
generated by the antenna, a battery is not needed. 
[0003] A loop antenna is used for the antenna appa- 
ratus, and various antenna shapes are fomied accord- 
ing to its use methods and places. 
[0004] A gate type antenna apparatus in whbh two 
antennas having the same shape are arranged to be op- 
posite to each other has been used for an automatic 
read apparatus at a conventional security gate for pre- 
venting shoplifting or at conveyer transfer, or for a read 
apparatus for warehousing and shipping management 
of articles, or the like. 

[0005] The gate type antenna apparatus used for 
such objects Is requested to read the non-contact RF 
tag in a detection zone, which Is interposed between 
gates, independent of its position and direction, and It 
is necessary to realize this by a restricted radio wave 
output within radio law regulations. In order to satisfy 
the contradictory requests, in a conventional shoplifting 
preventing system using a radio wave, various configu- 
rations of gate'type antennas have been proposed. For 
example, an antenna 100 called a figure-of-eight type 
antenna shown in FIG. 6 has a configuration including 
two loop antennas 1 01 and 1 02 having the same shape 
oh the same plane, and by feeding reverse phase cur- 
rents (currents flow in the directions of arrows) to the 
respective loops, electromagnetic fields can be approx- 
Imativeiy cancelled out at a remote place which be- 
comes problematic In the radio wave regulations, and 
by this, an output higher than that of a single loop an- 
tenna can be Injected, and consequently, the induction 
field of the detection zone in the vicinity of the antenna 
can be intensified. Besides, in US Patent No. 4, 243, 
980 and US Patent No. 4, 666, 455, an expansion type 
antenna of such a figure-of-eight type antenna is dis- 
closed. 

[0006] iHowever, in the case where the foregoing fig- 
ure-of-eight type antenna configuration or its expansion 
type is applied to the gate type antenna apparatus of the 
non-contact RF tag, a non-detection region due to the 
reverse phase currents comes into existence widely ac- 
cording to the direction of the non-contact RF tag, and 



there is a problem that the request can not be sufficiently 
satisfied. That is, as shown in FIG. 7, in the case where 
the non-contact RF tag 1 03 is opposite to the plane of 
the antenna 100, the outputs of radio waves are can- 

s celled by an Intersecting portion of the antenna, and a 
non-detection region 1 04 comes into existence. Howev- 
er, since the conventional tag for preventing shoplifting 
does not include an IC chip and merely has a function 
of detecting the existence of the coli, as compared with 

10 the non-contact tag requiring an output higher than a 
certain intensity so as to operate the IC chip, the detec- 
tion sensitivity Is very high, the non-detection region Is 
very narrow, and a problem in practical use does not 
arise. 

>5 [0007] The present invention has been made to solve 
the foregoing problems of the prior art, and an object of 
the invention is to provide an antenna apparatus In 
which a non-detectlon region is made minimum within 
the regulatory limit of radio wave radiation, and satisfac- 

^0 tory communication over a wide range is enabled. 
[0008] in order to achieve the above object, according 
to the present Invention, an antenna apparatus compris- 
es a first antenna assembly and a second antenna as- 
sembly aranged to be opposite to each other, and car- 

25 lies out non-contact data communication with a data 
canier, and is characterized In that each of the first and 
the second antenna assemblies includes a first, a sec- 
ond, a third, and a fourth antennas arranged to be ad- 
jacent to each other on a sulDstantially same plane, and 

^ the antenna apparatus comprises control means for 
controlling so that currents flowing to the first antenna 
and the third antenna have phases reverse to each oth* 
er, currents flowing to the second antennaand the fourth 
antenna have phases reverse to each other, and the 

35 phases of the currents flowing to the first antenna and 
the third antenna, or to the second antenna and the 
fourth antenna are inverted at a predetermined timing 
corresponding to the data communication. 
[0009] As stated above, since the reverse phase cur- 

40 rents are always made to flow between the first and the 
third antennas and between the second and the fourth 
antennas, similarly to the conventional figure-of-eight 
type antenna, radio wave radiation at a remote place 
becomes minimum, and the Intensity of an induction 

45 field In the vicinity of the antenna can be Intensified. Be- 
sides, since the phases of the currents flowing to the 
first antenna and the third antenna, or to the second an- 
tenna and the fourth antenna are inverted at the prede- 
termined timing corresponding to the data communlca- 

so tlon, a non-dete(^on region coming into existence in the 
vicinity of a position where the antennas intersect with 
each other is complemented in time and the non-detec- 
tion region can be removed. 

[0010] Besides, it is preferable to provide Inductance 
55 addition means for adding an inductance equal to a mu- 
tual Inductance between the second antenna and the 
third antenna. 

[0011] By doing so, mutual couplings between anten- 
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nas« which occur in the case where the four antennas 
are an^anged adjacently, are cancelled, and power feed- 
ing to the antenna apparatus can be efftciently can-led 
out in any phase condition. 

[001 2] Besides, It is preferable that the control means 
provides a predetennined phase difference between the 
first antenna assembty and the second antenna assem- 
bly. 

[0013] By doing so, a rotating induction field can be 
generated in a region between the first and the second 
antenna assemblies arranged to be opposite to each 
other, and communication with data carriers existing in 
all directions in this region can be carried out. 
[001 4] Besides, each of the first, the second, the third, 
and the fourth antennas Is a substantially rectangular 
loop antenna, and they may be arranged so that sides 
of adjacent rectangles become substantially parallel to 
each other. 

[0015] In the drawings: 

[0016] FIG. 1 Is a block diagram showing the whole 
constitution of an antenna apparatus of the present in- 
vention. 

[0017] FIG. 2 is a view showing a structure of a first 
antenna assembly. 

[0018] FIGS. 3A and 38 are views showing states of 
currents flowing to antenna assemblies under phase 
conditions of a pattern 1 and a pattern 2. 
[0019] FIG. 4 is a view for explaining mutual induct- 
ances between respective antennas. 
[0020] FIG. 5 is a view showing a state in which a cou- 
pling clamp is added to the antenna assembly. 
[0021 ] FIG. 6 is a view showing a conventional figure- 
of-eight type antenna. 

[0022] FIG. 7 is a view for explaining a problem of the 
prior art. 

[0023] Hereinafter, the present Invention will be de- 
scribed on the basis of illustrated embodiments. 
[0024] FIG. 1 1s a view showing the whole constitution 
of an antenna apparatus of the present Invention. 
[0025] Antenna assemblies 1 0 and 20, each of which 
Is formed of four substantially square loop antennas ar- 
ranged on the substantially same plane, are arranged 
to be opposite to each other. 

[0026] FIG. 2 shows a structure of the first antenna 
assembly 10. 

[0027] The first antenna assembly 10 has such a 
structure that a first and a third antennas 11 and 13, in 
each which both end portions of a coil bent like a sub- 
stantially square loop shape extend from a substantially 
center point of a side of the substantially square shape 
in parallel with each other along a center line toward the 
outside and are connected tb a matching circuit 1 5, are 
arranged on the same plane and at opposite sides of a 
tenmlnal connected to the matching circuit 15, and sinrv 
ilarly, a second and a fourth antennas 12 and 14, In each 
of which both end portions of a coil bent like a substan- 
tially square loop shape extend from a substantially 
center point of a side of the substantially square shape 



In parallel with each other along a center line toward the 
outside and are connected to a matching circuit 1 6, are 
arranged on the same plane and at opposite sides of a 
temnlnal connected to the matching circuit 16, and fur- 
5 ther, the first antenna 1 1 , the second aritenna 12, the 
third antenna 13, and the fourth antenna 14 are ar- 
ranged in this order on the same plane such that sides 
of the substantially square shapes are adjacent to each 
other. 

10 [0028] Similarly, the second antenna assembty 20 
has such a stmcture that a first and a third antennas 21 
and 23, in each which both end portions of a coll bent 
like a substantially square loop shape extend from a 
substantially center point of a side of the substantially 

IS square shape in parallel with each other along a center 
line toward the outskje and are connected to a matching 
circuit 25, are arranged on the same plane and at oppo- 
site sides of a temnlnal connected to the matching circuit 
25, and similarly, a second and a fourth antennas 22 and 

so 24, In each of which both end portions of a coll bent like 
a substantially square loop shape extend from a sub- 
stantially center point of a side of the substantially 
square shape in parallel with each other along a center 
line toward the outside and are connected to a matching 

25 circuit 26, are arranged oh the same plane and at oppo- 
site sides of a terminal connected to the matching circuit 
16, and further, the first antenna 21 , the second antenna 
22, the third antenna 23, and the fourth antenna 24 are 
arranged in this order on the same plane such that sides 

30 of the substantially square shapes are adjacent to each 
other. 

[0029] In addition to the foregoing antenna assembly 
10, the antenna apparatus includes a microcontroller 
31 , an oscillator 32, a transmitter 33, a receiver 34, dis- 

<35 tributors 35, 36 and 37, a phase inverter 38, and match- 
ing circuits 16, 1 6, 25 and 26. The microcontroller (con- 
trol means) 31 Is connected to a higher-level equipment 
such as a personal computer, and drives the, antenna 
assemblies 10 and 20 on the basis of signals from this 

40 higher-level equipment. The mterocontroller 31 controls 
the oscillator 32, generates a modulation signal in ac- 
cordance with a signal from the higher-level equipment, 
and outputs it to the transmitter 33. The transmitter 33 
modulates a carrier wave outputted from the oscllliator 

45 32 on the basis of the modulation signal outputted from 
the microcontroller 31 , and generates a transmission 
signal . The transmission signal outputted from the trans- 
mitter 33 is distributed by the distributor 35 to the dis- 
tributor 36 and the phase inverter 38. The transmission 

50 signal inputted to the distributor 36 is distributed to the 
output of the matching circuit 15 connected to the first 
and the third antennas 11 and 13 of the first antenna 
assembly 10. and the output of the matching circuit 25 
connected to the first and the third antennas 21 and 23 

55 of the second antenna assembly 20. The phase Inverter 
38 is controlled by a phase control signal outputted from 
the microcontroller 31 . After the phase of the transmis- 
sion signal inputted to this phase inverter 38 is Inverted, 
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the signal is distributed by the distributor 37 to the output 
of the matching circuit 1 6 connected to the second and 
the fourth antennas 12 and 14 of the first antenna as- 
sembly 1 0. and the output of the matching circuit 26 con- 
nected to the second and the fourth antennas 22 and 
24 of the second antenna assembly 20. The signals re- 
ceived by the first antenna assembly 1 0 and the second 
antenna assembly 20 are guided to the receiver 34. A 
demodulation signal Is outputted from the receiver 34 to 
the microcontroller 31, and a predetermined data 
processing is carried out. 

[0030] FIG. 3A shows a state of currents flowing to 
the respective antennas 11 to 14 under a phase condi- 
tion of a pattern 1 , and FIG. 3B shows a state of cun^ents 
flowing to the respective antennas 11 to 14 under a 
phase condition of a pattern 2 (in both cases, the cur- 
rents flow in the directions of arrows). Under the phase 
conditions of any patterns, the currents of phases re- 
verse to each other flow to the first antenna 11 and the 
third antenna 13, and similarly, the currents of phases 
reverse to each other flow to the second antenna 1 2 and 
the fourth antenna 14. Under the phase condition of the 
pattern 1 , the currents of phases identical to each other 
flow to the second antenna 12 and the third antenna 13, 
and the currents of phases identical to each other flow 
to the first antenna 1 1 and the fourth antenna 1 4. On the 
other hand, under the phase condition of the pattern 2, 
the cun^ents of phases identical to each other flow to the 
first antenna 1 1 and the second antenna 1 2, and the cur- 
rents of phases identical to each other flow to the third 
antenna 13 and the fourth antenna 14. That is. under 
the phase conditions of the pattern 1 and the pattern 2. 
the currents flowing to the second antenna 12 and the 
fourth antenna 14 have the phases reverse to each oth- 
er, and such phase inversion is carried out for every unit 
of data communication (however, the timing of the 
phase inversion is not limited to this), l-tere, although the 
phases of the currents flowing to the second and the 
fourth antennas 12 and 14 are inverted, the phases of 
the currents flowing to the first and the third antennas 
1 1 and 1 3 may be inverted. Besides, under any phase 
condition, the sum of the reverse phase current loops Is 
always 0. Here, although only the first antenna assem- 
bly 1 0 has been described, the same applies to the sec- 
ond antenna assembly 20. As stated above, since the 
reverse phase currents are always made to flow be- 
tween the first and the third antennas 11 and 13, and 
between the second and the fourth antennas 1 2 and 1 4, 
similarly to the conventional figure-of-eight type anten- 
na, radio wave radiation at a remote place becomes 
minimum, and the intensity of an induction field in the 
vicinity of the antenna can be intensified. Further, the 
phases of the currents flowing to the second and the 
fourth antennas 1 2 and 1 4 are inverted between the pat- 
tern 1 and the pattern 2 so that the non-detection region 
appearing in the vicinity of the position where the anten- 
nas intersect with each other is complemented In time, 
and the non-detection region can be removed. Further, 



when the cun^ents flowing to the first antenna assembly 
1 0 and the second antenna assembly 20 are made to 
have a definite phase difference (for example. 90°), a 
rotating Induction field can be generated In a region be- 
5 tween the first and the second antenna assemblies 10 
and 20 arranged to be opposite to each other as gates, 
and communication with tags (data carriers) existing in 
all directions In this region can be carried out. 
[0031] A mutual inductance between the first antenna 
10 11 and the second antenna 12 is made 2» a mutual 
inductance between the second antenna 12 and the 
third antenna 13 is made M2 3, a mutual inductance be- 
tween the third antenna 13 and the fourth antenna 14 Is 
made M3 4, and an Inductance due to the mutual cou- 
^5 pling of the whole of the antenna assembly 10 will be 
considered (see FIG. 4). At this time, since the mutual 
coupling between the first antenna 1 1 and the third an- 
tenna 13 or the fourth antenna 14, and between the sec- 
ond antenna 12 and the fourth antenna 14 is sufficiently 
^0 low as compared with the mutual coupling between the 
adjacent antennas, the mutual inductances between 
these antennas can be neglected. Besides, since the 
shapes of the respective antennas and the conditions 
of the neighboring arrangement are equal to one anoth- 
^5 er, the relation of M^^j = Mg^a = M3 4 is established. 
[0032] Here, themutual inductance of the whole of the 
antenna assembly 10 under the phase condition of the 
pattern 1 becomes -M^^ - M3 4 + Mg 3 = -M, and the mu- 
tual inductance of the whole of the antenna assembly 
30 1 0 under the phase condition of the pattern 2 becomes 
+Mi ^ + iy^3 4 - = +M. As stated above, between the 
phase conditions of the pattern 1 and the pattem 2, since 
the signs of the mutual inductances are different from 
each other, matching conditions are also different from 
35 each other. Accordingly, equal antenna cun^ents can hot 
' be made to flow in both the phase conditions. 
[0033] Thus, as shown in FIG. 5, coupling Is made so 
that the mutual inductance between the second antenna 
12 and the third antenna 13 Is doubled by a coupling 
40 clamp 40 (inductance addition means) of a ferrite core 
or the nice. By doing so, the mutual inductance of the 
whole of the antenna assembly 1 0 under the phase con- 
dition of the pattern 1 becomes -M^ 2 * M3.4 + 2M2,3 =^ 0, 
and the mutual Inductance of the whole of the antenna 
45 assembly 1 0 under the phase condition of the pattem 2 
also becomes +Mi^ + M3 4 - 2M2 3 = 0. Thus, the mutual 
couplings are cancelled, and the antenna currents can 
be made to flow under the same condition in both the 
phase conditions. 
so [0034] By doing so, the mutual couplings between the 
antennas, which occur in the case where the four an- 
tennas 1 1 to 1 4 are an^nged to adjacent to each other, 
are cancelled, and power feeding to the antennas can 
be efficiently made under any phase condition. 
55 [0035] By using the antenna apparatus as stated 
above, even in the case where communication with a 
non-contact RF tag (data carrier) provided with an an- 
tenna and an IC chip Including a memory is carried out. 
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a non-detection region is made minimum, and the com- 
munication can be satisfactorily carried out over a wide 
range. 

[0036] As described above, according to the antenna 
apparatus of the present invention, the non-detection re- 
gion is made minimum within the reguiatory limit of radio 
wave radiation, and satisfactory communication can be 
obtained over a wide range. 
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1. An antenna apparatus comprising a first antenna 
assembly and a second antenna assembly ar- 
ranged to be opposite to each other, for carrying out is 
non-contact data communication with a data carrier, 

wherein each of the first and the second an- 
tenna assemblies includes a first, a second, a third, 
and a fourth antennas arranged to be adjacent to 
each other on a substantially same plane, and 

wherein the antenna apparatus comprises 
control means for controlling so that currents flow- 
ing to the first antenna and the third antenna have 
phases reverse to each other, currents flowing to 
the second antenna and the fourth antenna have 
phases reverse to each other, and the phases of the 
currents flowing to the first antenna and the third 
antenna, or to the second antenna and the fourth 
antenna are inverted at a predetermined timing cor- 
responding to the data communication. 

2. An antenna apparatus according to claim 1 , further 
comprising inductance addition means for adding 
an inductance equal to a mutual Inductance be- 
tween the second antenna and the third antenna. 35 

3. An antenna apparatus according to claim 1 or claim 
2, wherein the control means provides a predeter- 
mined phase difference between the first antenna 
assembly and the second antenna assembly- 

4. An antenna apparatus according to any one of 
claims 1 to 3, wherein each of the first, the second, 
the third, and the fourth antennas is a substantially 
rectangular loop antenha, and sides of adjacent 
rectangles are substantially parallel to each other. 



SO 



55 



5 



BNSDOCID: <EP. 



1233367A2_I_> 



EP 1 233 367 A2 




RkicnnrsiPv ••pd 



»« 

EP 1 233 367 A2 




Fig. 2 



BNSOOCIO: <EP ^1233367A2_L> 



7 



EP 1 233 367 A2 




EP 1 233 367 A2 




6NS0OCID: <EP. 



.12333e7A2J.> 



EP 1 233 367 A2 



0 




100 




Fig. 7 



10 



(19) 




Europiisches Patentamt 
European Patent Office 
Office europten des brevets 




iiiil 



(11) 



EP 1 233 367 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

18.06.2003 Bulletin 2003/25 



(51) intci7: G06K 7/00, G08B 13/24. 



(43) Date of publication A2: 

21.08^002 Bulletin 2002/34 

(21 ) Application number 02250825.3 

(22) Date of filing: 07.02.2002 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR QB QR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 09.02.2001 JP 2001033405 

(71) /Vpplicant: Omron Corporation 

Kyoto-8hl, Kyoto*fu, 600-8530 (JP) 



(72) inventor: Kitagawa, Toshlya, Omron Corporation, 
801 Mlnaml- 

Shimogyo-ku, Kyoto-shi, Kyoto 600-8530 (JP) 

(74) Representative: Calderbank, Thomaa Roger et al 
MEWBURN ELLIS 
York House 
23 KIngsway 
London WC2B 6HP (GB) 



(54) Antenna apparatus 
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which a non-detection region Is made minimum within 
the regulatory limit of radio wave radiation, and satisfac- 
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cently an-anged on the same plane to constitute an an- 
tenna assembly (10), which Is arranged to be opposite 
to a similar antenna assembly (20). Reverse phase cur- 
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similarly, reverse phase currents flow to the second an- 
tenna and thef ourth antenna. The second and the fourth 
antennas are subjected to phase inversion for every da- 
ta communication between a pattern (1 ) in which same 
phase currents flow to the second antenna and the third 
antenna and a pattern (2) in which same phase currents 
flow to the first antenna and the second antenna. A pre- 
detemiined phase difference is provided between the 
first and the second antenna assemblies (1 0,20). 
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